Summary To compare the absolute risk of fracture to the risk of other conditions by race/ethnicity, we studied 83,724 women, aged 70-79. The projected number of fractures was similar to or exceeded the combined number of cardiovascular events and breast cancers. Osteoporosis prevention efforts should target women of all ethnicities. Introduction The relative risk of fracture is lower in nonwhite compared to white women but the absolute risk of fracture in comparison to other common chronic conditions is uncertain. Methods We performed a prospective cohort study of 83,724 women, age 50-79 years. Cardiovascular disease (CVD), invasive breast cancer and all fractures were identified over an average of 7.7±2.6 years. Results The incidence of fracture, breast cancer, stroke and CVD varied across ethnicity. The annualized (%) incidence of fracture was greatest in whites (2.4%) and American Indians (2.8%) and lowest among blacks (1.3%). The majority of hip fractures occurred in white women. The projected number of women who will experience a fracture in one year exceeded the combined number of women who would experience invasive breast cancer or a broad category of CVD events in all ethnic groups except blacks. In 10,000 black women, an estimated 153 women would experience CVD, and 35 women, breast cancer compared to 126 women expected to fracture in one year.
Introduction
Although the lifetime risk of fractures is lower in non-white women [1] [2] [3] , the number of fractures is expected to increase largely reflecting the greater improvements in overall life expectancy in minority women [4, 5] . It is not known, however, how the incidence of fracture in minority women compares to the incidence of other chronic conditions that affect women. This information is important for projecting the overall health needs of older women. The objective of the current analysis was to compare the absolute risk of fracture to the absolute risk of cardiovascular disease, stroke and breast cancer in a multiethnic group of women enrolled in the Women's Health Initiative Observational Study (WHI-OS). We hypothesized that although the relative risk of fracture is lower in minority women, the absolute risk of fracture will be higher than the absolute risk of developing other major common conditions within each ethnic group.
Materials and methods

Study population
The study population consisted of 92,368 women enrolled in the WHI-OS, a multi-center cohort of women who were 50-79 years. Details of the scientific rationale, design, eligibility requirements, and baseline characteristics of the cohort have been published elsewhere [6] . Women were recruited from 1993 to 1998 either directly or by virtue of ineligibility or unwillingness to participate in the clinical trial component of WHI. Eligibility criteria included being age 50-79, postmenopausal, planning to live in the clinical center area for at least three years, cognitively able to participate and free from serious conditions such as class IV congestive heart failure, or severe chronic liver, kidney or lung disease. All participants signed informed consent forms that were approved by institutional review boards.
For this analysis, we excluded women who reported at study entry that they had a history of a hip fracture, myocardial infarction, stroke or breast cancer leaving a total of 83,724 women. Information on race/ethnicity was obtained by self report.
Other measures
Baseline questionnaires ascertained information on educational level, smoking, history of hip fracture, breast cancer, myocardial infarction, stroke and general health status. Current alcohol consumption was estimated from a personal habits questionnaire and expressed as servings per week. Physical activity was assessed by questionnaire on the frequency and duration of walking and other types of activities (strenuous, moderate and mild). Using standardized classification of the energy expenditures associated with physical activities, we calculated a weekly energy expenditure in metabolic equivalents (MET score) for total physical activity. Current and previous use of menopausal hormone therapy (HT) was ascertained by interview. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. The Gail five-year breast cancer risk was calculated as previously described [7] .
Ascertainment of endpoints
At study end, 5.7% of participants had withdrawn or were lost to follow-up. Procedures for follow-up and outcome ascertainment involved annual mailed follow-up forms to collect updated information on select risk factors and for initial reporting of clinical outcome events (response rates have been > 95%). Follow-up extended through March, 2005. The average follow-up time ranged from 7.7 years in white women to 7.0 years in Hispanic women.
The primary cardiovascular end points for this analysis were newly diagnosed coronary heart disease (CHD) (nonfatal myocardial infarction (MI) or death from coronary causes), expanded CHD (non-fatal MI, fatal CHD, hospitalized angina, coronary revascularization, congestive heart failure (CHF), and deep vein thrombosis (DVT)), stroke and transient ischemic attacks (TIA) and total cardiovascular events (MI, fatal CHD, coronary revascularization, angina, CHF, stroke, TIA and DVT).
The diagnosis of nonfatal MI was confirmed if data in the hospital record met standardized criteria of diagnostic electrocardiographic changes, elevated cardiac-enzyme levels or both [8] . Treatment for coronary revascularization was confirmed by documentation of the procedure in the medical record. The presence of angina was confirmed by hospitalization and confirmatory evidence on angiography, diagnostic stress test, or diagnosis by a physician and medical treatment. The presence of congestive heart failure was confirmed by hospitalization and diagnostic confirmatory tests.
The occurrence of stroke was confirmed by documentation in the medical record of the rapid onset of a neurologic deficit consistent with stroke and lasting at least 24 hours or until death [9] . Transient ischemic attacks requiring and /or occurring during hospitalization were defined as: one or more episodes of a focal neurologic deficit lasting more than 30 seconds and no longer than 24 hours, rapid evolution of the symptoms to the maximal deficit in less than five minutes, with subsequent complete resolution and no head trauma occurring immediately before the onset of the neurological event.
Fatal coronary disease was considered confirmed if there was documentation in the hospital or autopsy records or if coronary disease was listed as the cause of death on the death certificate and evidence of previous coronary disease was available [10] . DVTs were self reported and not adjudicated.
Validation of breast cancer diagnoses were based on pathology reports, discharge summaries, operative reports and radiology reports for biopsies and surgeries. Central adjudication by physicians and cancer coders classified cases according to the National Cancer Institute Surveillance Epidemiology and End Results guidelines.
The "total" fracture outcome included all clinical fractures that occurred after study entry except for those of the fingers, toes, face, skull or sternum. Local and central reviews of radiology reports were carried out for hip fractures and for all fractures in women enrolled at the three bone density centers. For all others, we relied on selfreport of non-hip fractures. In the WHI, 80% of selfreported non-hip fractures were confirmed by physician review of medical records, suggesting that self-report of fractures is reasonably accurate [11] .
Statistical analysis
All analyses were performed using SAS 9.1 (Cary, NC). The baseline characteristics of the women were compared across ethnicity using ANOVA and Chi-squared tests. We calculated age-adjusted (weighted to the overall sample age distribution) annualized incidence rates (%) of total fracture, hip fracture, lower extremity fracture, upper extremity fracture, CHD, expanded CHD, stroke, TIA, total CVD and breast cancer in each ethnic group. P-values testing for differences by ethnicity were computed from likelihood ratio tests derived using generalized linear models with Poisson distribution and log link function, adjusted for age. In secondary analyses, we excluded women who reported HT use at baseline because HT has been linked to a number of these conditions. We estimated the projected number of cases of each outcome that would be observed in one year in 10,000 women using these ethnic specific annual incidence rates.
Results
The mean age of the cohort ranged from 60.4 years in Hispanic women to 63.6 years in Asian and white women, Table 1 (all p-values <0.0001). The mean BMI was greatest in black women and lowest among Asian women. Physical activity was highest in white women and Asian women and lowest in black women. Alcohol consumption was relatively low in all groups ranging from 0.7 in Asians to 2.8 servings per week in whites. The Gail five-year breast cancer risk score was greatest in white women and Asian women, exceeding the 1.67% used to describe high risk women [7] . The percent with a college degree or higher was greatest among Asian women and white women and lowest among Hispanic women and American Indian women. Less than 11% reported current smoking, but history of past smoking was relatively common. Use of postmenopausal hormones was relatively high at entry into WHI, ≥40% of all women except blacks. The percent of women who reported fair or poor health ranged from a low 6.8% among white women to about 20% among black, Hispanic and American Indian women.
The age-adjusted annualized incidence rates of total fractures, hip fracture, upper and lower extremity fractures, breast cancer, stroke, CHD, expanded CHD and total CVD are summarized in Table 2 . Fracture rates were highest among white and American Indian women, and lowest among black women. A similar pattern was observed for hip fractures but 95% of all hip fractures occurred in white women. Upper and lower extremity fractures were also more common in white women. Lower extremity fracture rates were similar in black, Hispanic and Asian women. Breast cancer rates were highest in white women with little difference across other ethnicities. The incidence of stroke was greatest in black women and lowest in Hispanic women. The annualized incidence of total CVD events was highest among black and American Indian women. Similar patterns of disease incidence by ethnicity were observed after we excluded women who reported current use of hormones at baseline.
The projected number of 10,000 women who would experience a fracture in one year exceeded the combined number of women expected to develop invasive breast cancer, stroke or total CVD, Fig. 1 . This was observed in every ethnic group except blacks. In 10,000 black women, an estimated 153 would experience a CVD event, 35 women, breast cancer, compared to 126 women expected to fracture.
Discussion
The overarching goals of Healthy People 2010 are to increase quality and years of healthy life and to eliminate health disparities [12] . One of the specific targets is to prevent illness and disability related to osteoporosis. However, achievement of this goal depends a large part on recognizing who is at risk and who should be targeted for screening and intervention. CVD, cancer and stroke are the three major causes of death in older women, and account for a large proportion of the overall morbidity in older women with major public health impact [13] . In the current analysis, there were substantial ethnic differences in the incidence of these diseases. However, we showed that the number of fractures that will occur in one year exceeded the combined number of women who will develop CVD, stroke or breast cancer in all groups except black women. Yet, even in black women, the incidence of fractures was similar to the incidence of a broad category of CVD that included MIs, unstable angina, CHF, revascularization, DVT, strokes and TIA. Thus, even though fracture rates are lower in minority groups, most women in this age group are more likely to experience a fracture than a cardiovascular disease event or breast cancer.
Hip fractures are the most serious consequence of osteoporosis and there were few hip fractures in minority women. Nevertheless, resource utilization attributable to other osteoporotic fractures is substantial [14] . For example, of the more than 2.6 million physician visits for osteoporosis, 86% of these visits were for other fractures; 40% of all home health care visits and 77% of all physical therapy sessions were for non-hip fractures.
We have shown that irrespective of ethnicity, women with multiple risk factors have a high risk of fracture [15] . The best approach to prevention of fractures is early identification of high risk women. Yet, preventive and therapeutic efforts focus primarily on white women. For example, black women were 60% less likely to be referred for bone mineral density measurements [16] . Only 9% of black women who presented with a low impact fracture received a diagnosis of osteoporosis and, of these, only 19% were discharged on osteoporosis medication [17] . Efforts are needed to identify ethnic women at high risk for fracture not only because fractures out number other events but also because the consequences of osteoporotic fractures may be greater among non-white women. Mortality following a hip fracture is higher among black than white women [18] . black women who suffer a hip fracture have longer hospitalization stays and are more likely to be nonambulatory compared to white women [19] . Mexican Americans who reported a previous hip fracture were four times as likely to be disabled [20] . The WHI-OS is a large diverse population of older women. Longitudinal information was obtained on a number of important disease outcomes in a standard fashion, permitting us to compare rates across ethnicity. We considered several classifications of CVD and were broad in our inclusion of CVD events. There are, however, several limitations to our analysis. The women in the WHI were not enrolled to be representative of US women. We studied a small number of American Indian women recruited primarily from the southwest US, and their estimated incidence rates of disease are based on few events. In the US, the annualized incidence of invasive breast cancer was 0.45% and 0.37% in white women and black women age 65 or older, respectively [21] , comparing closely to the incidence of breast cancer observed in WHI-OS women. The incidence of stroke and MI in WHI women was however, lower than in US women, especially for black women, but we considered an expanded list of CVD outcomes. Fracture rates were lower in WHI than in the Study of Osteoporotic Fractures (3.5%/yr), perhaps reflecting the younger age of the WHI cohort (Li-Yung Lui, personal communication).
In conclusion, improvements in life expectancy have been greater in minority women compared to white women resulting in rapid growth in the burden of osteoporotic fractures among non-white populations [4] . The absolute number of fractures is similar to the number of CVD events in black women but far exceeds the combined number of breast cancers and CVD events in other race/ethnic groups. More attention is needed for osteoporosis screening and prevention in minority women.
